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FOREWORD 
The project "Nested Dynamics of Metropolitan Processes 
and Policies" was initiated by the Regional & Urban Development 
Group in 1982, and the work on this collaborative study started 
in 1983. 
The series "Contributions to the Metropolitan Study" is a 
means of conveying information between the collaborators in 
the network ofthe project. 
This paper is the first of these contributions and presents 
the CATLAS-model (The Chicago Area Transportation-Land Use 
Analysis System] which is a dynamic large-scale urban simulation 
model for forecasting the effect of transportation system 
changes on travel mode choices, residential location, housing 
values and housing stock adjustment. 
CATLAS has been applied to cost-benefit analysis of several 
subway projects proposed for the southwest side of Chicago. 
Currently, the model is being implemented to analyze the trans- 
portation system in Stockholm, and plans exist to extend this 
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1  . INTRODUCTION AND SUMMARY 
It i s  w e l l  known t h a t  f o l l o w i n g  a  t r a n s p o r t a t i o n  improvement ( o r  more 
genera l  l y  any i n f  r a s t  r u c t u r e  i nvestment )  , t h e  p r i c e s  o f  r e a l  e s t a t e  near  t h e  
improvement w i l l  i n c r e a s e  due t o  t h e  i n c r e a s e  i n  a c c e s s i b i l i t y  and t h e  q u a l i t y  
o f  s e r v i c e  and t h e  decrease i n  t r a v e l  t ime .  
However, t h e r e  i s  a  gap i n  our knowledge o f  how t o  e s t i m a t e  p r o p e r t y  v a l u e  
i nc reases  caused by a  pub1 i c  i nves tmen t .  Urban economists have deve l  oped 
s i m p l i f i e d  mathemat ica l  models o f  l o n g  run e q u i l i b r i u m  i n  t h e  urban l a n d  and 
r e a l  e s t a t e  markets .  These models p r o v i d e  a  sound t h e o r e t i c a l  b a s i s  f o r  p o l i c y  
a n a l y s i s  b u t  a r e  n o t  d e t a i l e d  enough f o r  ac tua l  e m p i r i c a l  appl i c a t i o n .  On t h e  
o t h e r  hand, t r a n s p o r t a t i o n  p lanners  p l a c e  a  s t r o n g  emphasis on empi r i c a l  l y  
es t imab l  e  model s  , b u t  t h e s e  model s  focus o n l y  on t h e  t r a v e l  -re1 a t e d  a t t r i b u t e s  
and t h e  demand f o r  t r a v e l  w i t h o u t  p r o p e r l y  t a k i n g  i n t o  account  t h e  i n t e r a c t i o n s  
between t r a n s p o r t a t i o n ,  l a n d  use and p r o p e r t y  va lues t h r o u g h  t h e  markets  f o r  
1  and and b u i  1  d ings .  
There i s  a  need f o r  a  t h e o r e t i c a l l y  sound and e m p i r i c a l l y  e s t i m a b l e  dynamic 
model which can s a t i  s f y  t h e  t r a n s p o r t a t i o n  p l  anner ' s  t r a v e l  demand f o r e c a s t i n g  
requ i rements  w h i l e  a t  t h e  same t i m e  p r e d i c t i q g  t h e  o p e r a t i o n  o f  r e a l  e s t a t e  
markets and t h e  ad jus tmen t  i n  p r o p e r t y  va lues due t o  new o r  improved 
t r a n s p o r t a t i o n  systems. 
The Chicago Area T r a n s p o r t a t i o n /  Land Use A n a l y s i s  System (CATLAS) i s  such 
a  model which s y n t h e s i z e s  o u r  knowl edge o f  "1 o c a t i o n  r e n t  a n a l y s i s "  f rom urban 
economics w i t h  o u r  knowl edge o f  " t r a v e l  demand a n a l y s i s "  f rom t r a n s p o r t a t i o n  
p lann ing .  It i s  a  dynamic model which s imu la tes  t h e  market  i n  r e c u r s i v e  p e r i o d s  
of one yea r  i n  l e n g t h ,  and f o r  a  geograph ic  g r i d  system of 1690 zones c o v e r i n g  
t h e  Chicapo m e t r o p o l  i t a n  area. The d i s t r i b u t i o n  o f  j o b s  among t h e  zones and t h e  
c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t a t i o n  system a r e  assumed t o  be known i n  e v e r y  
year .  CATUS genera tes  peopl  e '  s  cho ices  o f  t r a v e l  mode (automobi  1  e,  commuter 
r a i l ,  r a i l  r a p i d  t r a n s i t ,  bus, and " o t h e r " )  - and t h e i r  c h o i c e  o f  r e s i d e n t i a l  
1  o c a t i  on. T r a n s p o r t a t i o n  improvements o r  changes i n  p a r k i n g  fees ,  gas p r i c e s  , 
t r a n s i t  f a res ,  e tc .  change p e o p l e ' s  d e c i s i o n s  o f  where t h e y  w i l l  l i v e  and how 
t h e y  w i l l  commute t h e r e ,  g i v e n  where t h e y  work. T h i s  i s  a  demand s i d e  process 
and i t  i s  assumed t h a t  peop le  make t h e i r  d e c i s i o n s  r a t i o n a l l y  by choos ing t h e  
most a t t r a c t i v e  ( o r  u t i  1  i t y  max im iz ing )  o f  t h e  t r a v e l  -1 o c z t i o n  o p t i o n s  
a v a i l a b l e .  Because peop le  a r e  d i f f e r e n t ,  t h e i r  cho ices  d i f f e r  as w e l l .  On t h e  
supp ly  s i d e  CATLAS s imul  a t e s  p r o f i t  m a x i m i z i n g  b e h a v i o r  on t h e  p a r t  o f  hous ing 
owners. Three d e c i s i o n s  a r e  s imu la ted .  For t h e  owner of an e x i s t i n g  d w e l l i n g  
u n i t  t h e  d e c i s i o n  ( w h i c h  r e c u r s  eve ry  yea r )  i s  whether  t o  w i thd raw t h e  & e l  l i n g  
from t h e  market  and keep i t vacan t  o r  whether t o  supp ly  i t t o  t h e  market  by 
s e l l i n g  i t  o r  r e n t i n g  i t  out .  Fo r  t h e  owner o f  vacant  l and ,  t h e  d e c i s i o n  i s  
whether t o  b u i l d  new hous ing  on t h a t  l a n d  o r  whether t o  postpone t h a t  d e c i s i o n  
t o  t h e  next  year.  The owner of an o l d  dwe l l  i n g  o r  b u i l d i n g  faces a  s i m i l a r  
d e c i s i o n .  If he p e r c e i v e s  t h a t  demo l i sh ing  t h e  b u i l a i n g  and s e l l i n g  t h e  l a n d  i s  
more p r o f i t a b l e  than  c o n t i n u i n g  t o  r e n t  i t  o u t  he w i l l  demol ish  and s e l l .  
Otherwise t h e  d e c i s i o n  w i l l  be postponed t o  t h e  n e x t  yea r .  B u i l d i n g  new 
d w e l l i n g s  and d e m o l i s h i n g  o l d  ones a r e  ma jo r  d e c i s i o n s  t h a t  t a k e  t i m e  t o  
implement. I n  CATLAS i t  i s  assumed t h a t  t h e r e  i s  a one y e a r  l a g :  t h e  number o f  
new dwe l l  i ngs c o n s t r u c t e d  and 01 d  ones demo1 i shed i n  a  g i v e n  y e a r  depend on 
d e c i s i o n s  based on l a s t  y e a r ' s  c o n d i t i o n s .  The demand and supp ly  s i d e  of a r e a l  
e s t a t e  market  must be i n  some s o r t  o f  balance. T h i s  ba lance comes about  as 
p r i c e s  and r e n t s  a d j u s t  i n  each geograph ic  zone. I n  CATLAS i t  i s  assumed t h a t  
t h e  demand f o r  occupancy i n  a zone i n  a  g i v e n  yea r  equa ls  t h e  number of 
d w e l l i n g s  s u p p l i e d  f o r  occupancy i n  t h a t  year .  P r i c e s  and r e n t s  a d j u s t  w i t h i n  
every y e a r  t o  make t h i s  p o s s i b l e .  Such a  c l e a r i n g  of t h e  market  i s  a " temporary  
equi  li b r i u m " .  Changes i n  o u t s i d e  i n f l u e n c e s  such as t r a v e l  c h a r a c t e r i s t i c s  o r  
j ob  l o c a t i o n s  w i l l  s h i f t  t h e  system t o  a new " temporary  e q u i l i b r i u m "  n e x t  y e a r .  
A  p r e c i s e  l i s t  o f  t h e  s i m u l a t i o n  o u t p u t  o f  t h e  c u r r e n t  v e r s i o n  o f  CATLAS i s  
as f o l l o w s :  
( 1 )  t h e  average hous ing  r e n t  i n  each geograph ic  zone i n  each y e a r ,  
( 2 )  t h e  number of vacant  d w e l l i n g s  i n  each geograph ic  zone i n  each y e a r ,  
( 3 )  t h e  number of commuters choos ing each t r a v e l  mode by geograph ic  zone 
o f  r e s i d e n c e  and ernpl oyment , 
( 4 )  t h e  number o f  new d w e l l i n g s  b u i l t  by zone i n  each y e a r ,  
( 5)  t h e  number of o l d  d w e l l  i n g s  demo1 i shed  by zone i n  each y e a r ,  
( 6 )  t h e  p r i c e  o f  t h e  vacant  l and  i n  each zone i n  each y e a r ,  
( 7 )  t h e  amount o f  vacant  l a n d  i n  each zone i n  each y e a r ,  
( 8 )  t h e  number of d w e l l i n g s  i n  each zone i n  each y e a r ,  
( 9 )  t h e  change i n  aggregate  hous ing and land  r e n t  ( o r  p roducer  s u r p l u s )  
by y e a r  and zone. 
There  a r e  f i v e  l i n e s  of l i t e r a t u r e  t h a t  a re  r e l e v a n t  t o  t h e  s u b j e c t  m a t t e r  
o f  CATLAS. These are :  ( a )  t h e  t h e o r e t i c a l  l i t e r a t u r e  on l o c a t i o n  and lana  use 
i n  urban economics; ( b )  e m p i r i c a l  s t u d i e s  o f  t h e  impact  o f  t r a n s p o r t a t i o n  
improvements on p r o p e r t y  v a l  ues; ( c) t r a v e l  mode and l o c a t  i on c h o i c e  model s  , 
( d )  economic urban sirnu1 a t  i o n  model s  and (e )  noneconomic urban s imul  a t i o n  
models. The main deve l  opments and b i b l i o g r a p h i c  r e f e r e n c e s  i n  each o f  t h e s e  
areas a r e  b r i e f l y  reviewed. 
The t h e o r e t i c a l  l i t e r a t u r e  i n  urban economics i s  based on t h e  e a r l y  works 
of Mohr ing  and H a r w i t z  ( 1  962), A1 onso ( 1  964), M i  11s ( 1  967), Muth ( 1  969) , 
Beckmann (1  969). The b a s i c  argument o f  t h i s  l i t e r a t u r e  i s  t h a t  p a r t  of 
consumers' sav ings i n  t r a v e l  c o s t  (and t r a v e l  t i m e )  a r e  c a p i t a l  i z e d  i n t o  l a n d  
and p r o p e r t y  va lues.  A l though  t r a v e l  c o s t s  a r e  e x p l i c i t l y  t r e a t e d  i n  t h i s  
l i t e r a t u r e ,  t r a v e l  t i m e  sav ings are  n o t  cons ide red  e x p l i c i t l y ,  b u t  i t  i s  
unders tood  t h a t  t h e  same r e s u l t s  app ly  t o  t r a v e l  t i m e s  as w e l l .  I n  t h e o r e t i c a l  
u rban economic model s  such as those by Wheaton (1  974) and A r n o t t  and S t i g l  i t z  
(1981) t h e  i n t e r e s t  i s  i n  t h e  r e l a t i o n s h i p  between u n i f o r m  improvements i n  u n i t  
t r a n s p o r t a t i o n  c o s t s  and t h e  aggregate  v a l u e  o f  land.  Even i n  such cases t h e  
r e 1  a t i o n s h i p  between aggregate  r e n t s  and t r a v e l  c o s t s  i s  compl i c a t e d  and does 
n o t  y i e l d  any s i m p l e  q u a n t i t a t i v e  r u l e s  o f  thumb. 
I n  t h e  e m p i r i c a l  l i t e r a t u r e  t h e  focus i s  n o t  on whether aggregate  r e n t  w i l l  
i n c r e a s e  o r  fa1  1  , o r  on how t o  measure b e n e f i t s ,  b u t  r a t h e r  on how t o  measure 
t h e  magni tude o f  changes i n  l and  o r  o t h e r  r e a l  e s t a t e  va lues f o l l o w i n g  t h e  
t r a n s p o r t a t i o n  improvement. These s t u d i e s  g e n e r a l l y  agree t h a t  t h e  improvement 
would i n c r e a s e  va lues  nearby. The e a r l i e r  s t u d i e s  a r e  d e s c r i p t i v e .  These 
i n c l u d e  t h e  impacts  o f  r a p i d  t r a n s i t  (Spengl e r ,  1930; Dav is ,  1965) , expressways 
( A d k i n s ,  1959; Lemly, 1959; Golden, 1 % 8 ) ,  i n t e r c h a n g e  development ( A s h l e y ,  
1 x 5 )  and i n t e r s t a t e  highways (Wootan and Haning, 1960) on p r o p e r t y  va lues.  The 
more r e c e n t  work uses s t a t i s t i c a l  a n a l y s i s .  Examples o f  t hese  a r e  t h e  s tudy  o f  
t h e  Lindenwold-Camden-Phi 1  adel  p h i a  1 i n e  by Mudge ( 1  972) and Boyce e t  a1 . ( 1  972) , 
of a  r a p i d  t r a n s i t  l i n e  i n  To ron to  by Dewees ( 1  976) and of t h e  Washington, D.C. 
METRO by Lennan e t  a1 . ( 1  977) . The f i n d i n g s  o f  t hese  s t u d i e s  h inge  on t h e  
j u d i c i o u s  app l  i c a t i o n  o f  mu1 t i v a r i  a t e  r e g r e s s i o n  a n a l y s i s  making s u b s t a n t i  a1 
improvement on t h e  d e s c r i p t i v e  s t u d i e s .  
A  ma jo r  shor tcoming o f  a l l  t hese  s t u d i e s  i s  t h a t  t hey  a r e  e x c l u s i v e l y  
focused on s p e c i f i c  t r a n s p o r t a t i o n  f a c i l  i i i e s .  Each tends t o  deal w i t h  a  s i n g l e  
o r  s e v e r a l  s e l  ec ted  f a c i l  i t i e s  r a t h e r  than  a t t e m p t  a  reg ion-wide o r  c i t y - w i d e  
c r o s s - s e c t i o n a l  s tudy  o f  t h e  e f f e c t s  o f  mu1 t i m o d a l  t r a n s p o r t a t i o n  systems. As 
a  r e s u l t ,  t h e i r  f i n d i n g s  are  d i f f i c u l t  t o  g e n e r a l i z e  and a re  b iased  by t h e  
peculiar conditions that may surround the studied f a c i l i t i e s .  
The power of mode choice analyse has increased since the contributions of 
(McFadden ( 1  973) and Domencich and  McFadden ( 1 9 7 5 ) .  Transportation planners can 
now analyze mode choices by drawing on the standard techniques of multinomial 
log i t ,  nested logit  and multinomial probit models. Logit and nested logi t  
models have also been appl ied t o  the choice of residential location and the 
joint choice of travel mode and residential location by Quigley ( 1  976), Lerman 
( 1  977) , McFadden ( 1  978) and Anas ( 1  981 ) . The resulting model s predict choices 
of location and travel mode b u t  n o t  the aggregate behavior of housing prices i n  
response t o  travel improvements. 
There are two economic urban simulation model s which have been empirical ly 
applied t o  policy questions concerning the housing market. These are the Urban 
Insti tute Model ( U I M )  (de Leeuw and Struyk, 1975) and the National Bureau of 
Economic Research ( N B E R )  ( Ingram et  a1 ., 1973) model. The former model i s  based 
on a well developed theory of housing market behavior and includes a number of 
innovative ideas. Weaknesses of the model are ( 1 )  i t s  highly aggregated form 
which makes i t  inapplicable t o  situations requiring de ta i l ,  ( 2 )  the fact t h a t  i t  
can be s t a t i s t i ca l ly  estimated only with rather crude aggregated data and (3 )  
that the numerical algorithm i t  uses may not always be able t o  find a solution. 
The N B E R  model i s  the most comprehensive urban simulation model 
developed. Unfortunately, i t  i s  not a very workable model because i t  cannot be 
consistently estimated since al l  of the data i t  requires i s  not  available for 
the same metropolitan area. Some of i t s  submodels are descriptive in nature and 
are not rooted in theory. The assignment of households to  housing units fol 1 ows 
a disequil ibriurn process rather than being rooted in we1 1 establ ished market 
clearing procedures. 
CATLAS i s  an economic urban simulation model primarily intended for testing 
t h e  e f f e c t s  o f  t r a n s p o r t a t i o n  p o l i c i e s  on hous ing and land  va lues ,  on 
r e s i d e n t i a l  l and  development and on mode cho ice  p a t t e r n s .  It can deal w i t h  any 
t r a n s p o r t a t i o n  p o l  i c y  which changes t r a v e l  t imes  and cos ts  i n  any o f  severa l  
t r a v e l  modes. CATLAS can be es t ima ted  i n  i t s  e n t i r e t y  us ing  w i d e l y  a v a i l a b l e  
da ta  and r i g o r o u s  econometr ic  procedures.  CATLAS has we1 1  behaved s o l  u t i  on 
p r o p e r t i e s  and computes e q u i l i b r i u m  a l l o c a t i o n s  of households t o  d w e l l i n g s .  
CATLAS can be viewed as a  s y n t h e s i s  o f  t h e  l a n d  r e n t  and 1  and use models 
developed by urban economi s t s  f o l  1 owing A1 onso ( 1  964) w i t h  t h e  t r a v e l  and 
1  o c a t i o n  cho ice  models deve l  oped by t r a n s p o r t a t i o n  p l  anners f o l  1  owing McFadden 
(1973) .  Thus, i t  i s  a  t o o l  f o r  s imu l taneous ly  d o i n g  t r a v e l  demand and land  r e n t  
a n a l y s i s .  Using CATLAS one can e v a l u a t e  t h e  d i r e c t  b e n e f i t s  t o  t h e  users  o f  t h e  
t r a n s p o r t a t i o n  system, t h e  i n d i  r e c t  b e n e f i t s  t o  nonusers, and t h e  f i s c a l  
b e n e f i t s  due t o  changes i n  r e n t .  Thus, CATLAS p rov ides  an a l t e r n a t i v e  t o  t h e  
noneconomic urban s i m u l a t i o n  models which do n o t  have such c a p a b i l  i t i e s  and 
which are  not  es t ima ted  u s i n g  r i g o r o u s  econometr ic  techn iques,  b u t  by means o f  
ad hoc and sometimes p a r t l y  s u b j e c t i v e  goodness -of -f i t procedures. 
2 .  THE STRUCTURE AND PROPERTIES OF CATLAS 
2.1 O v e r a l l  Recurs i  ve-Dynami c  S t r u c t u r e  
CATLAS c o n s i s t s  o f  a  number of equa t ions  t o  be so lved s imu l taneous ly  f o r  
each year  i n  a s i m u l a t i o n ,  w h i l e  some o f  t h e  v a r i a b l e s  e n t e r i n g  these  equa t ions  
a r e  ad jus ted  r e c u r s i v e l y  by b e i n g  l i n k e d  t o  t h e  s o l u t i o n  of t h e  p rev ious  t i m e  
pe r iod .  Using general  f u n c t i o n a l  n o t a t i o n ,  t h e  model ' s  equa t ions  can be w r i t t e n  
as f o l l o w s ,  where t = 1.. . T  denotes t h e  s i m u l a t i o n  year ,  i = 1.. . I t h e  
r e s i d e n t i a l  zones c o v e r i n g  t h e  met ropo l  i t a n  area and .h = 1  ... H t h e  c a t e g o r i e s  
o f  empl oyment l o c a t i o n  ( o r  zones o f  employment) and m = 1.. .Mi t h e  number o f  
modes a v a i l a b l e  i n  zone i : 
The equat ions i n  (1 )  are  t h e  crux  o f  t h e  model and are so lved  
s imu l taneous ly  f o r  every s i m u l a t i o n  y e a r  t t o  o b t a i n  t h e  va lues o f  t h e  r e n t  
t t  t 
v e c t o r  $= [ R1 , R2 ¶.. . , RI ] where R; i s  t h e  average r e n t  of t h e  housing u n i t s  
i n  zone i d u r i n g  year  t. This  average zonal r e n t  i s  d e f i n e d  as 
t t  t t  t R: = fi ri + ( 1  - f i )  V i / l O ,  where fi i s  t h e  p r o p o r t i o n  o f  t h e  zone 's  occupied 
t d w e l l i n g s  which are r e n t e r  occup ied i n  year  t, r; t h e  annual r e n t a l  and Vi t h e  
va lue o f  t h e  owner occup ied d w e l l i n g s .  Values a r e  d i v i d e d  by t e n  t o  a n n u a l i z e  
them f o l l o w i n g  a  r u l e  o f  thumb due t o  She l ton  (1 968) w i d e l y  used by urban 
t economists.  Nh i s  t h e  number of commuters employed i n  l o c a t i o n  h  a t  t i m e  
t t , di i s  zone i I s  r a t i o  of households t o  c o m u t e r s  and Si t h e  number o f  housing 
h  
u n i t s  i n  zone i a t  t i m e  t. The f u n c t i o n s  Pi,( 0 )  and Q:( m )  a r e  t h e  demand and 
h  
supp ly  s i d e  c h o i c e  f u n c t i o n s .  Pim( 0 )  r e p r e s e n t s  a  commuter's c h o i c e  o f  
r e s i d e n t i a l  zone i and t r a v e l  mode m  f o r  t h e  j o u r n e y  from work t o  home as a  
f u n c t i o n  o f  t h e  r e n t s ,  $ , o f  a l l  t h e  r e s i d e n t i a l  zones, a  v e c t o r  
ft d e s c r i b i n g  c h a r a c t e r i s t i c s  of t h e  r e s i d e n t i a l  zones, a n o t h e r  v e c t o r  
-t Y h  d e s c r i b i r l g  t r a v e l  r e l a t e d  c h a r a c t e r i s t i c s  o f  t h e  zones f o r  t r a v e l  mode rn and 
employment l o c a t i o n  h  and a  v e c t o r  ih o f  c o e f f i c i e n t s  t o  be es t ima ted .  
h  Pim( 0) i s  t h e  average p robab i  1  i t y  w i t h  which a  commuter employed a t  h  w i l l  
choose zone i and mode m, o r  t h e  expected p r o p o r t i o n  of commuters employed i n  h  
choos ing zone i and mode m. The f u n c t i o n  Q f (  0 )  i s  t h e  p r o b a b i l i t y  t h a t  t h e  
average d w e l l i n g  i n  zone i w i l l  be o f f e r e d  f o r  r e n t  by t h e  owner g i v e n  t h e  
ongo ing average r e n t  R: , a  v e c t o r  o f  t h e  zone 's  c h a r a c t e r i s t i c s ,  , 
r e l e v a n t  t o  t h e  supp ly  s i d e ,  and 7 a  v e c t o r  o f  c o e f f i c i e n t s  t o  be es t imated.  
t Q;(-) i s  a l s o  t h e  expected p r o p o r t i o n  o f  t h e  a v a i l a b l e  o w e l l  i n g s  Si which w i l l  
be o f f e r e d  f o r  r e n t ,  1 - ~ f ( - )  be ing  t h e  expected p r o p o r t i o n  t o  remain  
vacant .  E q u a t i o n  ( 1 )  s t a t e s  t h a t  expected demand equa ls  expected supp ly  i n  each 
of t h e  i = 1...I zones and i n  each s i m u l a t i o n  y e a r  t = 1...T. It has been 
t proven i n  Anas ( 1  982) t h a t  g i v e n  Nh , 6, , XOt, ?, s:, x: ih and t h e  system o f  
e q u a t i o n s  can be so l ved  f o r  a  un ique  and s t a b l e  equi  1  i b r i u m  r e n t  v e c t o r  K~ which 
c l e a r s  t h e  market  i n  t h a t  y e a r  t. The second s e t  of e q u a t i o n s  s t a t e s  t h a t  t h e .  
number o f  d w e l l i n g s  i n  y e a r  t - 1  i n c r e a s e s  by t h e  expected number o f  new 
t d w e l l  i n g s  c o n s t r u c t e d ,  Ci , 1  ess t h e  number o f  o l d  d w e l l  i n g s  
t demo1 i s h e d ,  Di d u r i n g  t h a t  yea r .  Equa t ions  ( 3 )  g i v e  t h e  expected number of 
9 
b u i l t  i n  y e a r  t - 1  i n  zone i: L:'~ i s  t h e  q u a n t i t y  o f  vacant l and  a v a i l a b l e  i n  
zone i and g i  t h e  amount o f  l and  per dwel l  i n g  a1 lowabl  e  i n  zone i due t o  zoning 
r e g u l a t i o n s ,  ( i t - ' /gi) be ing  t h e  p o t e n t i a l  new d w e l l  i ngs  t h a t  can be 
1 
accommodated i n  zone i. a:(*) i s  t h e  expected p r o p o r t i o n  of  these p o t e n t i a l  
dwe l l  i n g s  t h a t  w i l l  be b u i l t  i n  year  t-1. Th is  f u n c t i o n  i s  d e r i v e d  f rom t h e  
d e v e l o p e r ' s  p r o f i t a b i  1  i t y  d e c i s i o n .  It depends on t h e  stream o f  annual r e n t s  
per  d w e l l i h g  expected t o  accrue over t h e  d w e l l i n g ' s  l i f e t i m e  M, on t h e  vec to r  o f  
-S t  -1 
supply s i d e  c h a r a c t e r i s t i c s  X , t h e  market i n t e r e s t  r a t e  r and 7 ,  a  v e c t o r  
o f  c o e f f i c i e n t s  t o  be est imated.  Equat ions ( 4 )  e s t i m a t e  t h e  number o f  
demol i t i o n s ,  D F - ~ ,  i n  y e a r  t-1. Th is  i s  t h e  number o f  o l d  ( o v e r  t h i r t y  years)  
duel  1  i n g s ,  0:-l , e l i g i b l e  f o r  demol i t i o n  mu1 ti p l  i e d  by t h e  expected p r o p o r t i o n  
d  t o  be demol ished Qi ( 0 ) .  T h i s  expected p r o p o r t i o n  i s  a  f u n c t i o n  o f  t h e  stream 
o f  annual r e n t a l s  t h a t  can be ob ta ined  f rom t h e  average o l d  d w e l l i n g  i n  zone i 
-St -1 
over i t s  remain inbg l i f e t i m e ,  t h e  v e c t o r  o f  supply  s i d e  c h a r a c t e r i s t i c s  X , 
- 
t h e  i n t e r e s t  r a t e  r and a  v e c t o r  o f  c o e f f i c i e n t s  t o  be es t ima ted ,  6 . The age 
t -1  o f  t h e  average o l d  d w e l l i n g  i n  t h e  zone i s  ai . Equat ions ( 5 )  update t h e  
amount o f  vacant 1  and i n  a  zone by account ing f o r  1  and taken  up by new 
c o n s t r u c t i o n s  and land  re leased by demol i t i o n s .  Equat ions ( 6 )  a d j u s t  t h e  number 
o f  d w e l l i n g s  e l i g i b l e  f o r  d e m o l i t i o n  by adding,  A:-' t h e  number o f  d w e l l i n g s  
ag ing i n t o  t h e  over  t h i r t y  years  category  and thus  becoming e l i g i b l e  f o r  
demol i t i  on. A:-' i s  c a l  c u l  a t e d  from a  simp1 e  c o h o r t  - s u r v i  va l  model f o r  housing 
f o r  each zone. Equat ion ( 7 )  shows how t h e  average r e n t  o f  d w e l l i n g s  s  years  o l d  
can be computed by making a  l i n e a r  adjustment t o  t h e  average r e n t  o f  zone i. 
'This i s  done by e s t i m a t i n g  a  d e p r e c i a t i o n  c o e f f i c i e n t  e and mu1 t i p l y i n g  t h i s  
by s  - x:-' o r  s  - x:-~ where x::-' = x:-~ i s  t h e  age o f  t h e  average 
d w e l l  i n g  i n  zone i a t  t ime  t -1 ( i n  o t h e r  words, t h e  age o f  t h e  average dwe l l  i ng 
may be cons idered t o  be t h e  f i r s t  e lanen t  i n  t h e  vec to rs  
F t - l a n d  y S t - l ) .  F i n a l l y  e q u a t i o n s  (8 )  and ( 9 )  a d j u s t  t h e  va lues o f  some o f  t h e  
v a r i a b l e s  i n  these  v e c t o r s .  The changes i n  t h e  age o f  t h e  average d w e l l i n g  i s  
one o f  t hese  ad j ustments . 
2.2 The Demand Submodel 
The cho ice  problem o f  a  commuter w i t h  a  g i v e n  workp lace h, i s  t o  de te rm ine  
t h e  geograph ic  zone o f  r e s i d e n c e  l o c a t i o n  i, t h e  mode o f  commuting m, and t h e  
e x a c t  d w e l l i n g  k w i t h i n  zone i. 
The a t t r a c t i v e n e s s  ( o r  u t i l  i t y )  of an a l t e r n a t i v e  ( i  , in, k) f o r  t h e  average 
commuter employed i n  workp lace  h  i s  g i v e n  as, 
T h i s  equa t ion  s t a t e s  t h a t  a t t r a c t i v e n e s s  c o n s i s t s  o f  f o u r  a d d i t i v e l y  separab le  
h  p a r t s .  The f i r s t  p a r t ,  Ui measures t h e  p a r t  o f  a t t r a c t i v e n e s s  due t o  
h  c h a r a c t e r i s t i c s  which vary  by zone. The second p a r t  Uim i s  t h e  p a r t  o f  
a t t r a c t i v e n e s s  due t o  c h a r a c t e r i s t i c s  wh ich  va ry  by zone and mode o f  
h  commuting. The t h i r d  p a r t  Uimk i n c l u d e s  t h e  p a r t  o f  a t t r a c t i v e n e s s  wh ich  v a r i e s  
by  zone i, mode m and d w e l l i n g  k. I n  many cases when these  c h a r a c t e r i s t i c s  are  
n o t  observed f o r  each d w e l l i n g  b u t  a r e  known i n  t h e  da ta  as zone averages t h e y  
h  h  w i l l  be i n c l u d e d  i n  Ui o r  combined w i t h  o t h e r  c h a r a c t e r i s t i c s  i n  Vim. The 
f o u r t h  p a r t  o f  a t t r a c t i v e n e s s  F ! ~ ~  i s  a  random v a r i a b l e  due t o  unknown 
(unobserved) c h a r a c t e r i s t i c s  i n c l u d i n g  t h i n g s  1 i ke  persona l  p r e f e r e n c e  
d i  f f e r e n c e s ,  random e f f e c t s  and e r r o r s  i n  measurement. The p robab i  1  i t y  t h a t  a  
commuter employed i n  h  w i l l  choose ( i  , in, k) i s  g i v e n  as, 
h  -h -h 
'imk = Prob. [uimk> ujns , v ( j ,  n, S) * ( j ,  m, k ) ~  
The s p e c i f i c  form o f  ( 1  1 )  depends on what i s  assumed about t h e  random 
t e n s ,  ~ 7 , ~ .  We f o l l o w  t h e  assumpt ion t h a t  t hese  e r r o r  terms a re  c o r r e l a t e d  ' 
w i t h i n  zones ( i  .e. f o r  d i f f e r e n t  m and k w i t h i n  each i )  b u t  u n c o r r e l a t e d  f o r  
d i f f e r e n t  zones. Under t h i s  assumpt ion t h e  p r o b a b i l i t y  P ? , ~  can be computed as 
t h e  c o m p u t a t i o n a l l y  t r a c t a b l e  nested m u l t i n o m i a l  1  o g i t  model. F i r s t ,  because 
u t i l i t y  i s  a d d i t i v e l y  s e p a r a b l e  we can w r i t e  t h e  p r o b a b i l i t y  as, 
h  Here PI; imi s t h e  c o n d i t i o n a l  p robab i  1  i t y  t h a t  t h e  commuter wi  11 choose dwe l l  i n g  
h  k ,  g i ven  t h a t  zone i and mode m have been chosen. P . i s  t h e  c o n d i t i o n a l  
m l 1  
p r o b a b i l i t y  t h a t  t h e  commuter w i l l  choose mode m g i v e n  t h a t  zone i has been 
h  chosen and Pi i s  t h e  m a r g i n a l  p r o b a b i l i t y  t h a t  zone i w i l l  be chosen. These 
p r o b a b i l i t i e s  a r e  of t h e  form 
Equa t ion  (13) s t a t e s  t h a t  d w e l l i n g s  w i t h i n  a  zone a r e  e q u a l l y  l i k e l y  t o  be 
chosen (because t h e  d a t a  i s  n o t  d e t a i  1  ed enough t o  d i s c r i m i n a t e  among them) . 
Equat ion  (14) s t a t e s  t h a t  t h e  p r o b a b i l  i t y  o f  choos ing a  mode m g i v e n  t h e  c h o i c e  
o f  zone i s  a  m u l t i n o m i a l  l o g i t  model and thus  depends on t h e  r e l a t i v e  a t t r a c t -  
i veness  o f  t h e  modes k e e p i n g  zone c h a r a c t e r i s t i c s  cons tan t .  
Equat ion  (15)  i s  t h e  m a r g i n a l  zone c h o i c e  p r o b a b i l i t y  and t h i s  i s  a  nested 
l o g i t  model a d j u s t e d  f o r  zone s i z e  measured by t h e  number of d w e l l i n g s .  The 
zone cho ice  p r o b a b i l i t y  i s  a  f u n c t i o n  of t h e  zone 's  a t t r a c t i v e n e s s  p l u s  a  
combined measure o f  t h e  a t t r a c t i v e n e s s  measures of t h e  modes i n  t h a t  zone. The 
combined measure o f  t h e  zone 's  mode a t t r a c t i v e n e s s  ( c a l  l e d  an " i n c l u s i v e  v a l u e " )  
i s  g i ven  by e q u a t i o n  (16 )  and i s  i n  f a c t  t h e  l o g a r i t h m  o f  t h e  denominator  o f  t h e  
mode c h o i c e  model ( 1 4 ) .  Equa t ion  (17)  s t a t e s  t h z t  t h e  a t t r a c t i v e n e s s  of  a  zone- 
mode combinat ion  i s  a  f u n c t i o n  o f  t h e  average zone r e n t  p l u s  average t r a v e l  c o s t  
4 f o r  t h e  mode and a l s o  a  f u n c t i o n  o f  o t h e r  zone c h a r a c t e r i s t i c s ,  Y , wh ich  j m 
i n c l u d e  t r a v e l  t i m e ,  d i s t a n c e s  t o  s t a t i o n s  e t c .  ( o r  t h e  l o g a r i t h m s  o f  such 
v a r i a b l e s )  . 
h  M u l t i p l y i n g  (14 )  and (15)  we can compute a  j o i n t  p r o b a b i l i t y  Pi, . T h i s  i s  
t h e  p robab i  1  i t y  o f  choos ing  zone i and mode m g iven  workp lace h. S ince  a1 1  t h e  
zones a r e  i n t e r c o n n e c t e d  t h r o u g h  t h e  l o g i t  models a  change i n  t h e  a t t r a c t i v e n e s s  
of a  zone o r  t h e  modes i n  t h a t  zone w i l l  have repe rcuss ions  i n  t h e  demand o f  a1 1  
the other zones. 
2.3 The Occupancy or Existing Housina Supply Submodel 
This submodel explains the choices of the owners of dwell ings in the short 
run. The owner of an exis t ing  dwelling must decide whether t o  offer  the  
dwelling for  rent in tha t  year or whether t o  withhold i t  unti l  next year. The 
decision i s  based on p r o f i t a b i l i t y .  Suppose tha t  the  average dwelling i s  
offered for rent. Then i t  wi 1 1  yie ld  a p ro f i t  
If i t  i s  kept vacant the loss i s  
Here R i  i s  the average rent in zone i , Mi 1 i s  the cost of maintaining the  
average dwelling i f  i t  i s  occupied and Mi2 the cost of maintaining the average 
dwelling i f  i t  i s  vacant, and c i l ,  c i2  are  random measurement er rors  due t o  
unobserved variables.  Mai ntenance costs  for  occupied &el 1 i  ngs wi l  l  be higher 
i f  the costs of repairs  due t o  occupants exceed the costs of vandal ism, neglect 
e t c .  for  vacant dwell ings. These will depend on the type and location of the 
dwell ing ' s  neighborhood. The d i f f e r e n t i a l  p ro f i t  i s ,  
The d i f fe ren t i a l  maintenance cost i s  not d i rec t ly  available in the data b u t  
since i t  depends on neighborhood ( i . e .  zone) charac te r i s t i c s  i t  can be made a 
function of these charac te r i s t i c s .  Thus 
where t h e r e  a re  n  = 1 . . . N supply  s i d e  zone c h a r a c t e r i s t i c s  and t h e  8,'s a r e  
t h e  c o e f f i c i e n t s  t o  be es t ima ted .  The p r o b a b i l i t y  t h a t  t h e  average d w e l l i n g  
w i l l  be o f f e r e d  f o r  r e n t  can now be computed as, 
The s i m p l e s t  model c o n s i s t e n t  w i t h  (23) i s  t h e  b i n a r y  l o g i t  model. I n  t h i s  case 
t h i s  i s ,  
where Qf i s  t h e  p r o b a b i l i t y  t h a t  t h e  average dwe l l  i n g  w i l l  be o f f e r e d  f o r  
r e n t .  The c o e f f i c i e n t s  t o  be es t ima ted  a r e  B~ and fll, . . . , flN. 
2.4 The Housi na Stock Adjustment Submodel s  
Housing s tock  ad jus tments  occur  y e a r l y ,  b u t  o n l y  t h e  c r e a t i o n  of new 
d w e l l  i n g s  on vacant 1  and and t h e  demo1 i t i o n  o f  o l d  d w e l l  i n g s  a r e  cons idered.  
Both  of these  d e c i s i o n s  depend c r u c i a l l y  on t h e  "p resen t  va lue  o f  p r o f i t s "  ( F V P )  
t h a t  can be d e r i v e d  f rom a d w e l l i n g  over  i t s  remain ing 1  i f e t i m e .  Suppose t h a t  
t h e  average d w e l l i n g  l a s t s  M years  and l e t  t h e  age o f  t h e  average dwe l l  i n g  i n  
zone i be a i  . Then t h e  present  va lue  o f  p r o f i t s  t h a t  accrue f rom r e n t a l  
d e c i s i o n s  from now ( t i m e  t )  u n t i l  M can be computed as, 
The numerator measures t h e  "expected annual p r o f i t  a n t i c i p a t e d  i n  t h e  c u r r e n t  
et i s  t h e  p robab i  1  i t y  yea r  t f o r  t h e  y e a r  when t h e  d w e l l  i n g  i s  s  years  o ld . "  QiS 
t h a t  t h e  d w e l l  i ng w i  11 be r e n t e d  when i t i s  s  years  01 d, computed f rom t h e  
occupancy submodel. I n  t h e  denominator,  r i s  t h e  market i n t e r e s t  r a t e .  
Now c o n s i d e r  t h e  owner o f  some vacant  l and  pa rce l  on which a  d w e l l i n g  can 
be c o n s t r u c t e d  i n  zone i. T h i s  w i l l  be a  new dwe l l  i n g  and t h u s  s  wi 11 run f rom 
one t o  M i n  e q u a t i o n  ( 2 5 ) .  Let  Kit be t h e  c o s t  of c o n s t r u c t i n g  t h e  d w e l l  i n g ,  
then  t h e  p r o f i t  f rom c o n s t r u c t i o n  w i l l  be, 
M c 
'i c t  = (PVP)til + JiM/(l+r) - Kit+ tit ( 2 6 )  
where JiM i s  t h e  resa le ,  v a l  ue o f  t h e  c o n s t r u c t e d  dwe l l  i n g  M y e a r s  f rom now and 
Kit i s  t h e  c u r r e n t  c o s t  o f  c o n s t r u c t i n g  t h e  d w e l l i n g ,  c:t b e i n g  a  random e r r o r  
t e n .  If t h e  land i s  kep t  vacant  t h e  p r o f i t s  w i l l  be equal t o  t h e  l a n d ' s  p r i c e  
l e s s  t h e  present  v a l u e  o f  a1 1  f u t u r e  taxes and o t h e r  expenses t o  be i n c u r r e d  on 
t h e  land. The p r o f i t s  i n  t h i s  case a re ,  
where Vit i s  t h e  l a n d  p r i c e  and Tit i s  t h e  p resen t  va lue o f  taxes  and o t h e r  
cos ts ,  cYt be ing  a  random e r r o r  term. 
The present  v a l u e  o f  p r o f i t s  i n  e q u a t i o n  (26) can be r e w r i t t e n  as 
where t h e  f i r s t  summation i s  t h e  " p r e s e n t  va lue  o f  1  i f e t i m e  expected revenue"  
abb rev ia ted  as (PVR) ti l. D i f f e r e n t i a l  p r o f i t s  can now be w r i t t e n  as, 
N S t  + c  0 nict- niot = (PVMtil + I ynXin 
. n = l  'it- 'it 
where t h e  summation s tands  f o r  t h e  second summation i n  (28)  p l u s  Vit - Tit wh ich  
cannot be i n d e p e n d e n t l y  observed i n  t h e  data .  Thus these  q u a n t i t i e s  a r e  made a  
S t  f u n c t i o n  o f  t h e  s u p p l y  s i d e  v a r i a b l e s  Xin, and yn, n = l .  . . N a r e  c o e f f i c i e n t s  
t o  be es t imated.  Under t h e s e  assumpt ions t h e  p r o b a b i l i t y  t h a t  a  vacant  l a n d  
p a r c e l  w i  11 be deve loped can be d e r i v e d  as a  b i n a r y  l o g i t  model o f  t h e  form, 
The case o f  demo1 i s h i n g  an o l d  d w e l l  i n g  i n v o l v e s  a  s i m i l a r  reason ing.  I n  
t h i s  case t h e  p r o b a b i l i t y  o f  d e m o l i s h i n g  t h e  average o l d  d w e l l i n g  i n  zone i i s  
g i v e n  by t h e  b i n a r y  l o g i t  model 
where (PVR)ti i s  t h e  " p r e s e n t  v a l u e  o f  revenue over  t h e  rema in ing  1  i f e t i m e  of 
t h e  average o l d  d w e l l i n g  i n  zone i". The 6 ' s  a r e  c o e f f i c i e n t s  t o  be es t ima ted .  
2.5 Market  C l e a r i n g  E q u i l i b r i u m  a t  Each Year 
As d i s c u s s e d  b e f o r e ,  t h e  c rux  o f  t h e  model i s  g i v e n  by t h e  s imul taneous 
equa t ions  ( 1 )  wh ich  a r e  so l ved  f o r  t h e  market  c l e a r i n g  r e n t  v e c t o r  
t K'= [R:, R:, . . ., RI] a t  each yea r  t. For  convenience,  t h e s e  equa t ions  are  
r e w r i t t e n  as 
-th - th -t h The v e c t o r s  C , T , and Y c o n t a i n  t h e  t r a v e l  c o s t ,  t r a v e l  t i m e  and o t h e r  
t r a n s p o r t a t i o n  system c h a r a c t e r i s t i c s  ( such  as s t a t i o n  l o c a t i o n s ,  p a r k i n g  
a v a i l a b i l i t y ,  e t c . )  . It i s  proven i n .  Anas ( 1  982) t h a t  e q u a t i o n s  (32)  y i e l d  a  
un ique  e q u i l  i b r i u m  s o l u t i o n  except  p o s s i b l y  i n  t h e  ve ry  unusual case when t h e  
r e n t  o f  one o r  more zones a r e  zero.  T h i s  case shou ld  n o t  be encountered i n  a  
mean ing fu l  e m p i r i c a l  a p p l i c a t i o n  and i s  t h u s  n o t  t roublesome. It i s  a l s o  proven 
t h a t  t h e  un ique  e q u i l i b r i u m  i s  g l o b a l l y  s t a b l e  except  f o r  very  l a r g e  s h i f t s  i n  
r e n t s .  S t a b i l i t y  i n  t h i s  c o n t e x t  means t h a t  i f  some r e n t s  a re  changed so t h a t  
t h e  system moves ou t  o f  e q u i l i b r i u m  i t  w i l l  r e t u r n  t o  it. 
Anas ( 1  982) a1 so d i scusses  a  compu ta t i ona l  a l g o r i t h m  f o r  s o l v i n g  t h e  system 
o f  e q u a t i o n s  and f i n d i n g  t h e  e q u i l i b r i u m  zone r e n t s .  T h i s  a l g o r i t h m  i s  t h e  one 
used i n  CATLAS t o  o b t a i n  t h e  r e s u l t s  t o  be r e p o r t e d  i n  s e c t i o n  4 .  
2.6 Steady S t a t e  Behav ior  o f  CATLAS 
An i m p o r t a n t  aspect  o f  dynamic t o o l s  such as CATLAS i s  t h e i r  behav io r  a t  
s teady s t a t e .  CATLAS produces changes i n  t h e  hous ing s tock  and i n  t h e  r e n t  o f  
each zone as w e l l  as i n  t h e  age d i s t r i b u t i o n  o f  t h e  hous ing s tock  by zone. I f  
t h e  i n p u t s  remain c o n s t a n t  over  t ime ,  then  t h e  annual p r e d i c t i o n s  of CATLAS w i l l  
converge t o  a  l o n g  run  s teady s t a t e .  I n  t h e  l o n g  run  t h e  number o f  vacanc ies  i n  
each zone w i l l  be reduced t o  ze ro  as excess d w e l l  i n g s  which remain vacant  y e a r  
a f t e r  y e a r  w i l l  become demolished. A1 1  o t h e r  v a r i a b l e s  determined w i t h i n  t h e  
model w i l l  e i t h e r  converge t o  steady s t a t e  va lues o r  w i l l  c y c l e  around a s teady 
s t a t e  v a l u e  ( i  .e. w i l l  converge t o  a l i m i t  c y c l e ) .  
3. EMP I R  ICAL ESTIMATION 
I n  t h i s  s e c t i o n  we b r i e f l y  d i s c u s s  t h e  d a t a  and how i t was used t o  e s t i m a t e  
t h e  f o u r  submodels o f  CATIAS. The e s t i m a t i o n  r e s u l t s  f o r  t h e s e  submodels a r e  
t h e n  p resen ted  and d iscussed.  
3.1 Data ,  Sampl ing and E s t i m a t i o n  
The demand and s u p p l y  s i d e  submodels o f  CATIAS can be e m p i r i c a l l y  
c a l i b r a t e d  u s i n g  t h e  U.S. Census o f  P o p u l a t i o n  and Housing. I n  t h e  Chicago 
a p p l i c a t i o n ,  t h e  1970 Census r e s u l t s  were used because t h e s e  were t h e  most 
r e c e n t  a v a i l a b l e .  These da ta  have been t a b u l a t e d  t o  a  system o f  4918 square 
zones o f  1 /2  m i l e  by  1 /2  m i l e  c o v e r i n g  t h e  Chicago met ropo l  i t a n  area. Each zone 
o f  t h i s  g r i d  system i s  c a l l e d  a  q u a r t e r s e c t i o n .  T r a n s p o r t a t i o n  and t r a v e l  
c h a r a c t e r i s t i c s  d a t a  a r e  avai1ab:e f o r  t h e  same zones and were o b t a i n e d  f rom t h e  
Chicago Area T r a n s p o r t a t i o n  Study (CATS). 'The CATS da ta  i s  aggregated t o  t h e  
t r a f f i c  zone l e v e l  wh ich  c o n s i s t s  o f  one m i l e  by one m i l e  square zones i n  t h e  
c i t y  and l a r g e r  zones i n  t h e  suburbs. A  2  m i l e  by 2 m i l e  area cen te red  on 
Madison and S t a t e  S t r e e t s  i s  t aken  t o  be t h e  C e n t r a l  Business D i s t r i c t  o r  CBD. 
Th is  area i n c l u d e s  t h e  "Loop", Ch icago 's  t r a d i t i o n a l  bus iness c e n t e r  b u t  i s  more 
t h a n  t h r e e  t i m e s  i n  area and c o n t a i n e d  1% o f  a1 1  t h e  j o b s  i n  t h e  met ropo l  i t a n  
r e g i o n  i n  1  970. 
To e s t i m a t e  t h e  submodels o f  CATIAS, a  random sample o f  433 zones o r  n e a r l y  
3 o f  t h e  t o t a l  number o f  zones was s e l e c t e d  and used. Maximum l i k e l i h o o d  f o r  
aggregated d a t a  i s  t h e  techn ique  used t o  e s t i m a t e  these  models. 
3.2 E s t i m a t i o n  o f  Demand Submodel s  
The demand submodel s  d iscussed i n  s e c t i o n  2.2 and c o n s i s t i n g  o f  equa t ions  
( 1 4 )  - (18) have been e s t i m a t e d  f o r  two workp lace c a t e g o r i e s  ( h  = 1,2) . The 
f i r s t  workp lace ( h  = 1) i s  t h e  two m i l e  by two m i l e  CBD and t h e  second ( h  = 2) 
i s  a1 1  o t h e r  empl oyment d i s p e r s e d  t h r o u g h o u t  t h e  r e s t  o f  t h e  Chicago SMSA 
( h e r e a f t e r  non-CBD) . T h i s  d i s p e r s e d  "workp lace"  i s  rep resen ted  by t h e  average 
t r a v e l  t i m e  and c o s t  by each mode f rom each r e s i d e n t i a l  zone t o  a1 1  o t h e r  
employment zones e x c l u d i n g  t h e  CBD. T h i s  employment c l a s s i f i c a t i o n  i n t o  CBD and 
non-CBD i s  a p p r o p r i a t e  o n l y  because CATLAS has been used t o  examine t h e  impact  
o f  r a d i a l  r a i l  t r a n s i t  1  i n e s  s e r v i n g  t h e  CBD. These 1  i nes have most o f  t h e i  r 
e f f e c t s  o n  CBD employment and these  e f f e c t s  a r e  q u i t e  i n s e n s i t i v e  t o  gross  
v a r i a t i o n s  i n  d i s p e r s e d  non-CBD employment. 'Thus t h e  above two-way c l a s s i f i  - 
c a t i o n  goes a  l o n g  way toward  c a p t u r i n g  t h e  e s s e n t i a l  aspec ts  o f  r a i l  t r a n s i t  
investment .  
The a c t u a l  modal c h o i c e s  o f  CBD and non-CBD commuters a r e  shown i n  t a b l e  
1. The CBD m u l t i n o m i a l  l o g i t  model i s  es t ima ted  w i t h  f o u r  modes o f  t r a v e l  
( a u t o ,  commuter r a i  1  , r a p i d  t r a n s i t  and bus). The non-CBD model i s  e s t i m a t e d  
w i t h  two modes o f  t r a v e l  ( a u t o  and bus) .  A1 t r i p s  by o t h e r  modes f o r  CBD and 
non-CBD a r e  t r e a t e d  as f i x e d  i n  number f o r  each r e s i d e n t i a l  zone and a r e  added 
i n  as a  cons tan t  t o  t h e  l e f t  hand s i d e  o f  ( 1 ) .  
Tab le  2 l i s t s  t h e  e x p l a n a t o r y  c h a r a c t e r i s t i c s  en te red  i n t o  t h e  models, t h e  
v a l  ue o f  each c o e f f i c i e n t  e s t i m a t e d  and t h e  t - s t a t i s t i c  a s s o c i a t e d  w i t h  t h a t  
c o e f f i c i e n t  . 
3.3 E s t i m a t i o n  o f  Occupancy and Stock Adjustment Submodels 
The occupancy, new hous i  r ~ g  c o n s t r u c t i o n  and o l d  hous ing demo1 i t i o n  
submodels d iscussed i n  s e c t i o n  2  have been es t ima ted  and t h e  r e s u l t s  a r e  shown 
i n  t a b l e  3. Here PVRNEW i s  t h e  p resen t  va lue  o f  t h e  revenue expected t o  accrue 
t o  a new d w e l l i q g  and PVROLD t h e  p r e s e n t  va lue  o f  t h e  revenue expected t o  acc rue  
t o  an o l d  d w e l l i n g  ove r  i t s  rema in ing  l i f e t i m e .  C h a r a c t e r i s t i c s  4-16 a r e  e i t h e r  
dummy v a r i a b l e s  o r  zonal  average measures p r o x y i n g  t h e  c o s t  s i d e s  o f  t h e  
occupancy, c o n s t r u c t i o n ,  and demol i t i o n  d e c i s i o n s  as e x p l a i n e d  i n  s e c t i o n  2. 
The occupancy and new c o n s t r u c t i o n  submodel s  a r e  es t ima ted  f rom t h e  zonal  d a t a  
u s i n g  maximum l i k e l i h o o d  w i t h  t h e  number o f  occup ied  u n i t s  i n  each zone and t h e  
number o f  newly c o n s t r u c t e d  u n i t s  between 1969-1970 i n  each zone b e i n g  known 
f rom t h e  census. The number o f  d w e l l  i ngs demol i shed i s  n o t  known by zone s i n c e  
i t  i s  n o t  surveyed i n  t h e  census. For  t h i s  reason,  t h e  d e m o l i t i o n  submodel i s  
e s t i m a t e d  u s i n g  a  c r u d e r  method. The number o f  d w e l l i n g s  demol ished i n  t h e  
e n t i r e  Chicago SMSA i n  t h e  1960 's  i s  used ' t o  de te rm ine  a  c rude annual met ropo l  i - 
t a n  d e m o l i t i o n  r a t e .  The model c o e f f i c i e n t s  a r e  t h e n  a d j u s t e d  by t r i a l  and 
e r r o r  t o  ach ieve  a  good f i t  t o  t h i s  aggregate  d e m o l i t i o n  ra te .  Fo r  t h i s  reason 
s tandard  e r r o r s  (and t - s t a t i  s t i c s )  cannot  be computed f o r  t h e  demol i t i o n  
submodel. 
4. S IMUIATIONS AND POLICY IMP LICAT IONS 
I n  t h i s  s e c t i o n  we p r e s e n t  and d i s c u s s  t h e  s i m u l a t i o n  r e s u l t s  o b t a i n e d  f rom 
t h e  a p p l i c a t i o n  o f  CATIAS t o  e v a l u a t e  r a p i d  t r a n s i t  p r o j e c t s  proposed f o r  t h e  
Southwest  s i d e  o f  Chicago. The r e s u l t s  a r e  r i c h  i n  p o l i c y  i m p l i c a t i o n s  
r e g a r d i n g  t r a n s i t  f i n a n c i n g  and t h e s e  a r e  d i scussed  i n  t h i s  s e c t i o n .  
4.1 S i m u l a t i o n  Data and Assumptions 
For  t h e  purposes o f  p e r f o r m i n g  e q u i l i b r i u m  s i m u l a t i o n s  w i t h  CATIAS t h e  
zones o f  t h e  Chicago SMSA a r e  aggregated t o  t h e  1690 t r a f f i c  zones as shown i n  
f i g u r e  1. The same f i g u r e  a1 so shows t h e  boundary o f  t h e  Southwest c o r r i d o r  
expected t o  be impacted i n  a  m a j o r  way by t h e  proposed t r a n s i t  p r o j e c t s .  F i g u r e  
2 shows t h e  a l i gnmen t  o f  e x i s t i n g  commuter r a i l  and r a p i d  t r a n s . i t  l i n e s  w i t h i n  
t h e  c o r r i d o r  and a l s o  t h e  a l i gnmen t  o f  t h r e e  a l t e r n a t i v e  proposed r a i l  l i n e s :  
t h e  Archer  Avenue subway, t h e  G u l f  M o b i l e  and Ohio r i g h t - o f - w a y  p r o j e c t  and t h e  
Ind iana Harbor B e l t  r i gh t - o f -way  p r o j e c t .  The l a s t  two p r o j e c t s  would be b u i l t  
on t h e  r i g h t s - o f - w a y  o f  f r e i g h t  r a i l r o a d s  known by t h e  same name. 
I n t r o d u c t i o n  o f  any one o f  these r a i l  p r o j e c t s  would change t h e  zone-to-CBD 
t r a n s i t  t r a v e l  t imes  and cos ts  o f  t he  zones w i t h i n  t h e  Southwest c o r r i d o r .  To 
compute these  new t imes  and cos t s  we need t o  take  i n t o  account t h e  changed cos ts  
o f  access t o  t h e  new r a p i d  t r a n s i t  s t a t i ons .  Th is  was done by adopt ing an 
access mode cho i ce  model developed f o r  t he  Chicago area by Sajovec and Tah i r  
( 1  976). Th i s  model a l l ows  access t o  s t a t i o n s  by walk ing,  bus and automobi le.  
The access cos ts  and t imes computed from t h i s  model a re  added t o  t h e  s t a t i o n - t o -  
CBD l i n e  haul t imes  and t h e  minimum t ime rou te  i s  then computed f o r  each zone. 
The cos t s  and t imes  o f  these zones a re  then  entered i n t o  t h e  demand model f o r  
t he  CBD, r e p l a c i n g  t h e  t imes  and cos t s  e x i s t i n g  p r i o r  t o  t h e  new p r o j e c t .  
I n  t h e  p o l i c y  s imu la t i ons  t o  be repor ted ,  i t  i s  assumed t h a t  t h e  new 
t r a n s i t  p r o j e c t s  w i l l  i n f l u e n c e  t h e  dec i s i ons  o f  CBD commuters on ly .  Since i n  
r e a l i t y  t h e  t r a n s i t  p r o j e c t  w i l l  draw t r i p s  f rom o the r  empl oyment l o c a t i o n s  as 
we1 1, i t s  impact on housing va l  ues and 1  and use w i  11 be 1  a rger  than t h a t  
p r e d i c t e d  i n  these s imu la t ions .  I n  f a c t  these  r e s u l t s  should be taken as lower 
bounds o f  t h e  impact o f  t h e  t r a n s i t  l i n e s .  
Tables 4  and 5 show t h e  1970 aggregate d e s c r i p t i v e  data f o r  t h e  Chicago 
SMSA and Southwest c o r r i d o r  r e s p e c t i v e l y .  The c o n s t r u c t i o n  cos t s  o f  t he  t h r e e  
r a i  1  p r o j e c t s  were computed us i ng  d e t a i l e d  p r o j e c t  d e s c r i p t i o n s  and t h e  u n i t  
cos ts  f rom Permut and Z i m r i  ng ( 1975) and Krueger e t  a1 . ( 1980) . I n  1970 
d o l l a r s ,  t h e  GM&O p r o j e c t  would cos t  $120.4 m i l  l i o n ,  t h e  Archer subway $235.5 
\ 
m i l  1  i o n  ad t h e  IHB p r o j e c t  $249.1 m i l  l i o n  r e s p e c t i v e l y .  
4.2 Simul a t i o n  Resul ts  and T r a n s i t  Finance Imp1 i c a t i o n s  
Two k inds  o f  s imu la t i ons  a re  performed us ing  CATLAS. The f i r s t  o f  these i s  
a  s t a t i c  s i m u l a t i o n  i n  which t h e  housing stock i n  each zone i s  he ld  f i x e d  a t  i t s  
1970 l e v e l .  T h i s  s i m p l y  means t h a t  t h e  hous ing s tock  ad jus tmen t  submodels are  
removed f rom t h e  r e c u r s i v e  s t r u c t u r e  and t h e  model d e a l s  ony w i t h  t h e  a l l o c a t i o n  
o f  households t o  d w e l l  i ngs by employing t h e  demand and occupancy submodel s. The 
second t y p e  o f  s i m u l a t i o n  uses t h e  f u l l  r e c u r s i v e  s t r u c t u r e  t o  s i m u l a t e  changes 
i n  t h e  hous ing s t o c k  o v e r  t ime .  The s t a t i c  s i m u l a t i o n s  p r o v i d e  s u f f i c i e n t  
i n s i g h t  i n t o  c e r t a i n  b a s i c  r e s u l t s .  Thus t h e  r e s u l t s  o f  t h e s e  s i m u l a t i o n s  w i l l  
be presented f i r s t .  
4.2.1 S t a t i c  S i m u l a t i o n s  
Tab le  6 shows t h e  e f f e c t s  o f  t h e  t h r e e  p r o j e c t s  on aggregate  r e n t  changes, 
mode pat ronage ( o r  demand) changes f o r  CBD and non-CBD commuters. These can be 
l o o k e d  a t  f o r  t h e  e n t i r e  SMSA and f o r  t h e  Southwest c o r r i d o r  and by c i t y  and 
suburb i n  each case. The p r o j e c t s  have t h e  f o l l o w i n g  e f f e c t s :  t h e y  i n c r e a s e  
t h e  a t t r a c t i v e n e s s  o r  u t i l  i t y  o f  c e n t r a l  c i t y  zones by r e d u c i n g  t r a n s i t  t r a v e l  
t imes  and c o s t s  and by e x t e n d i n g  such s e r v i c e  t o  where i t  was n o t  p r e v i o u s l y  
a v a i l a b l e .  The e f f e c t  i s  t o  a t t r a c t  some households t o  r e l o c a t e  f rom t h e  
suburbs t o  t h e  c i t y  t h u s  r a i s i n g  c i t y  r e n t s  w h i l e  r e d u c i n g  suburban r e n t s .  
Aggregate  m e t r o p o l i t a n  r e n t s  a r e  reduced because t h e  movement o f  households i s  
f rom t h e  h i g h e r  r e n t  suburbs t o  t h e  l ower  r e n t  c e n t r a l  c i t i e s .  When we l o o k  
i n t o  t h e  Southwest  c o r r i d o r  we see t h a t  aggregate  r e n t s  i n c r e a s e  i n  b o t h  t h e  
c i t y  and suburban p a r t s  o f  t h e  c o r r i d o r .  A zone by zone v iew o f  t hese  r e n t  
changes a re  shown i n  f i g u r e s  3, 4  and 5 f o r  t h e  t h r e e  p r o j e c t s .  Rent changes 
o u t s i d e  t h e  Southwest  c o r r i d o r  a re  ex t reme ly  smal l  i n  magni tude (amount ing  t o  
seve ra l  do1 l a r s  p e r  d w e l l i n g  a n n u a l l y  a t  most) and can be i g n o r e d  f rom a  
t a x a t i o n  v i e w p o i n t .  If t h e  s p e c i a l  assessment d i s t r i c t  i s  d e f i n e d  t o  c o i n c i d e  
w i t h  t h e  boundary o f  t h e  c o r r i d o r  and an inc remen ta l  s p e c i a l  assessment tax  i s  
implemented w i t h i n  t h i s  c o r r i d o r  t a x i n g  away t h e  i n c r e a s e s  f rom t h e  d w e l l  i n g s  
wh ich  a p p r e c i a t e  i n  v a l u e  and g i v i n g  reba tes  t o  d w e l l i n g s  wh ich  d e c l i n e  i n  
value, the incremental revenue collected in th is  way amounts t o  $6.4 - $8.2 
million annually. 
How big i s  the tax burden of such a special assessment on the housing 
owners in the corridor? The maximum zonal average rent increases are $247, $235 
and $235 per year from figures 3-5 respectively, or abou t  $20 per month .  I n  the 
vast majority of zones, rent increases are a lot  lower. The average rent 
increase per dwelling in the corridor i s  just under $25 per year for the GM&O 
project. These figures show t h a t  the tax burden on the average housing owner i s  
small and thus a special assessment policy i s  not likely t o  encounter major 
political opposition i f  i t  i s  carefully explained t o  the public and i f  the 
potential for rent increases i s  carefully documented. We also see that where 
rents decrease the decreases are negligible and thus i f  no rebates are given t o  
such housing mners there will be no political opposition. 
The next question of policy interest  is  "what percentage of the capital 
cost of these t ransi t  l ines can be captured via the incremental tax method?" 
The answer depends crucially on what interest  rate i s  used in discounting the 
annual tax revenues. Moody's Bond Survey Record gave a  Ba rating t o  the Chicago 
Transit Authority in 1 970. Bonds issued in 1970 with a  Ba rating general ly paid 
10% interest .  Using th i s  interest  rate the project capital costs are annualized 
over a 35-year horizon and the annual operating costs are computed using a 
procedure of the Chicago Transit Authority ( 1  980) . 
4.2.2 Dynamic Simulations 
The purpose of the dynamic simulations i s  t o  determine whether the policy 
implications of the s t a t i c  simulations h o l d  u p  or are substantially altered by 
the introduction of the stock adjustment submodel s. The results obtained from 
the dynamic simulations depend crucially on w h a t  assumptions are made regarding 
the increase of empl oyment (and population) for the Chicago SMSA. The results 
a r e  a1 so s e n s i t i v e  t o  year -by-year  changes i n  t h e  i n p u t  v a r i a b l e s .  
Because t h e  t i m e  p a t h  o f  t h e  i n p u t  v a r i a b l e s  a r e  u n c e r t a i n ,  one approach t o  
dynamic s i m u l a t i o n  i s  t o  keep these  c o n s t a n t  over  t ime.  If t h i s  i s  done, then  
t h e  housing s tock  ad jus tment  submodels w i l l  f o r e c a s t  t h e  r e d i s t r i b u t i o n  and 
age i  ng-renewal o f  a  f i x e d  t o t a l  housing s tock .  
The f o l l  owing assumpt ions were employed: 
1) The aggregate  number o f  households and commuters i s  determined w i t h i n  
t h e  model by assuming t h a t  t h e  aggregate  hous ing vacancy r a t e  w i l l  s t a y  a t  t h e  
1970 l e v e l  and t h e  number o f  households wi 11 a d j u s t  yea r  by y e a r  a c c o r d i n g  t o  
changes i n  t h e  housing s tock .  
2) A1 1  o t h e r  i n p u t  v a r i a b l e s  remain a t  t h e i  r 1970 l e v e l s .  
3) The d i s t r i b u t i o n  o f  j o b s  between t h e  CBD and t h e  non-CBD l o c a t i o n s  
m a i n t a i n  t h e i r  1970 p r o p o r t i o n s .  
We be1 i e v e  these  assumpt ions t o  be t h e  most prudent  g i v e n  our  1  i m i t a t i o n s  
i n  f o r e c a s t i n g  t h e  f u t u r e  pa ths  of t h e  i n p u t  v a r i a b l e s  . 
Given t h e  above assumpt ions,  we per formed a  twenty-year  s i m u l a t i o n  ( i .e.  
from 1970-1 990) w i t h o u t  i n t r o d u c i n g  any changes i n  t h e  t r a n s p o r t a t i o n  system 
( t h i s  i s  c a l l e d  a  b a s e l i n e  s i m u l a t i o n  o r  base run ) and a  twenty-year  s i m u l a t i o n  
i n  which t h e  GM&O p r o j e c t  i s  i n t r o d u c e d  ( t h i s  i s  c a l l e d  a  p o l i c y  s i m u l a t i o n  o r  
p o l  i c y  run) . 
The r e s u l t s  o f  t h e s e  b a s e l i n e  and p o l i c y  s i m u l a t i o n s  a re  shown i n  t a b l e s  7 -  
10 f o r  bo th  t h e  e n t i r e  SMSA and f o r  t h e  Southwest c o r r i d o r .  
The aggregate r e n t  changes and o t h e r  f l u c t u a t i o n s  a re  caused by two 
f a c t o r s .  The f i r s t  i s  t h e  change i n  t o t a l  housing s tock  and t h e  second t h e  
hous ing r e d i s t r i b u t i o n  among t h e  zones. Fo r  t h e  SMSA r e s u l t s  ( t a b l e  7) t h e  
aggregate r e n t  changes a re  l a r g e r  t h a n  t h e  hous ing s tock  changes i n  t h e  f i r s t  
s e v e r a l  y e a r s  because t h e  new hous ing c o n s t r u c t e d  i n  t h e  suburbs i s  more 
v a l u a b l e  and t h e r e  a r e  fewer hous ing u n i t s  remain ing i n  t h e  c i t y  due t o  
d e m o l i t i o n s .  F o l l o w i n g  t h e  c o n s t r u c t i o n  of new hous ing u n i t s ,  t h e  a v a i l a b l e  
vacant l and  i s  reduced; t h u s  fewer hous ing u n i t s  can be c o n s t r u c t e d .  I n  t h e  
meantime, as t h e  o l d  hous ing u n i t s  age, more of them w i l l  be demol ished. 
Beg inn ing w i t h  t h e  n i n t h  y e a r ,  t h e  hous ing s tock  decreases. When t h e  pace o f  
p o p u l a t i o n  i n c r e a s e  s t a r t s  t o  s low down, owners f i n d  t h a t  i t  i s  more d i f f i c u l t  
t o  r e n t  o r  s e l l  d w e l l  i n g s  and demand lower  ren ts .  T h i s  e x p l a i n s  t h e  decrease o f  
aggregate r e n t s  i n  t h e  l a t e r  yea rs .  The r e s u l t s  f o r  t h e  Southwest c o r r i d o r  
( t a b l e  8) a r e  s i m i l a r  t o  t h e  SMSA r e s u l t s ,  b u t  because t h e  average hous ing age 
i s  h i g h e r  and t h e  a v a i l a b l e  vacant l a n d  i s  l e s s  than  i n  t h e  SMSA, t h e  hous ing 
s tock  w i t h i n  t h e  c o r r i d o r  beg ins  t o  decrease f rom t h e  f i r s t  y e a r  and so do t h e  
aggregate r e n t s .  
The r e s u l t s  o f  t h e  GM&O p o l i c y  s i m u l a t i o n  a re  shown i n  t a b l e s  9 and 10 
which document t h e  d i f f e r e n c e  between t h e  p o l i c y  s i m u l a t i o n  and t h e  
co r respond ing  base1 i n e  s i m u l a t i o n .  The most n o t a b l e  r e s u l t  i s  t h a t  t h e  t r a n s i t  
p r o j e c t  has a  v e r y  smal l  n e t  i n f l u e n c e  on t h e  housing s tock  changes. I n  o t h e r  
respec ts  t h e  r e s u l t s  a r e  s i m i l a r  t o  t h e  s t a t i c  s i m u l a t i o n s .  
Two o t h e r  p o l  i c i e s  were a l s o  s imu la ted .  I n  one o f  these  t h e  GM&O p r o j e c t  
i s  i n t r o d u c e d  and i t  i s  assumed t h a t  CBD p a r k i n g  fees double. I n  t h e  second, i t  
i s  assumed t h a t  t h e  p r i c e  of g a s o l i n e  doubles. The es t ima ted  c o s t  and c o s t  
recovery  r a t i o s  a re  shown i n  t a b l e  11. I n  o b t a i n i n g  these  f i g u r e s ,  i t  was 
assumed t h a t  t h e  inc rementa l  spec ia l  assessment tax  would be l e v i e d  on vacant 
l a n d  as we1 1  as on hous ing u n i t s .  It can be seen t h a t  t h e  aggregate  land  va lue 
change i n  t h e  Southwest c o r r i d o r  due t o  t h e  p r o j e c t  i s  q u i t e  smal l  because l e s s  
than  8% o f  t h e  a v a i l a b l e  vacant  l a n d  i s  w i t h i n  t h e  c o r r i d o r .  The c o s t  recovery  
r a t i o s  are  q u i t e  c l o s e  t o  those of t h e  s t a t i c  s i m u l a t i o n s .  
4.3 Caveats and Conc lus ions  
Any l a r g e  s c a l e  s i m u l a t i o n  a n a l y s i s  i s  n o t  an e x a c t  sc ience  and i s  s u b j e c t  
t o  numerous sources of e r r o r  and b ias .  Most o f  t hese  a r e  i n h e r e n t  i n  t h e  d a t a  
and i n  t h e  mathemat ica l  fo rm and assumpt ions o f  t h e  a n a l y s i s .  Such sources o f  
e r r o r  and b i a s  a r e  unavo idab le .  The bes t  one can do i s  t o  g a i n  an i n t u i t i o n  f o r  
t h e  magni tudes of t h e s e  e r r o r s  and b i a s e s  by p e r f o r m i n g  e x t e n s i v e  s e n s i t i v i t y  
t e s t i n g  on t h e  v a r i o u s  aspec ts  o f  t h e  a n a l y s i s  system i n c l u d i n g  t h e  e s t i m a t e d  
c o e f f i c i e n t s  and e l  a s t i c i t i e s .  Such s e n s i t i v i t y  t e s t s  were per formed and have 
been r e p o r t e d  i n  Anas ( 1  982) and Duann ( 1  982). D e s p i t e  t h e  f a c t  t h a t  r e s u l t s  
can change s u b s t a n t i a l l y  i f  some c o e f f i c i e n t s  a r e  doubled o r  t r i p l e d  o r  i f  some 
d a t a  has no t  been a c c u r a t e l y  measured, 1  i t t l e  reason e x i s t s  t o  doubt  t h e  b a s i c  
conc lus ions .  I n  t h e  f i n a l  a n a l y s i s  we remain c o n f i d e n t  i n  t h e  genera l  approach 
and method used because we cannot  i d e n t i f y  any s y s t e m a t i c  sources o f  b i a s  t h a t  
weaken ou r  conc lus ions .  
There a r e  s e v e r a l  s t r o n g  q u a l i t a t i v e  arguments t h a t  t h e  t o t a l  impac t  o f  
t r a n s i t  on p r o p e r t y  va lues  i s  s t r o n g e r  t h a n  t h a t  es t ima ted  i n  o u r  a p p l i c a t i o n .  
T h i s  means t h a t  our  q u a n t i t a t i v e  r e s u l t s  may be b e t t e r  viewed as l o w e r  bounds. 
We know, f o r  example, t h a t  i f  C A T W  i s  extended t o  deal w i t h  nonwork t r i p s  as 
we1 1 as w i t h  work t r i p s ,  t h e n  t h e  impacts  o f  t r a n s i t  on hous ing va lues  w i l l  be 
h i g h e r  because t r a v e l  c o s t  and t i m e  sav ings  i n  nonwork t r a v e l  w i l l  be 
c a p i t a l i z e d  i n t o  hous ing  va lues .  S i m i l a r l y ,  i f  t h e  non-CBD workp laces a re  
i d e n t i f i e d  by exac t  l o c a t i o n  r a t h e r  t h a n  1  umped t o g e t h e r  i n t o  one c a t e g o r y ,  
t h e r e  w i l l  be a d d i t i o n a l  g a i n s  i n  work t r a v e l  t r a n s l a t e d  i n t o  hous ing  p r i c e  
i nc reases .  F i n a l l y ,  i f  we i n c l u d e  commercia l  and i n d u s t r i a l  p r o p e r t i e s  i n t o  t h e  
a n a l y s i s ,  we w i l l  f i n d  t h a t  t h e s e  t o o ,  and e s p e c i a l l y  cormnercial f l o o r  space, 
a p p r e c i a t e s  i n  v a l u e  s u b s t a n t i a l l y .  
Another  caveat  i s  t h a t  t h e  v a l u e  c a p t u r e  c o s t  recovery  r a t i o  of bus systems 
i s  s u r e l y  h i g h e r  t h a n  t h a t  f o r  r a i l .  T h i s  does no t  n e c e s s a r i l y  occur  because 
bus systems have a  s t r o n g e r  impact  on hous ing  va lues,  b u t  because t h e  r o l l i n g  
s tock  c o s t  o f  bus systems i s  much l o w e r  than  t h e  c o n s t r u c t i o n  and r o l l i n g  s tock  
c o s t  o f  r a i l  systems. Thus, i t  shou ld  n o t  be s u r p r i s i n g  i f  a  s i m i l a r  a n a l y s i s  
were t o  y i e l d  a  c o s t  recove ry  r a t i o  f o r  bus systems of 100%or  h i g h e r .  Such a  
r e s u l t  i s  n o t  ve ry  u s e f u l  , however, because i t  i s  t h e  f i n a n c e  o f  r a p i d  r a i l  
systems, and p a r t i c u l a r l y  o f  t h e i r  c a p i t a l  c o s t ,  t h a t  poses t h e  ma jo r  c h a l l e n g e  
i n  t h e  yea rs  ahead. It i s  c l e a r  t h a t  t hese  c o s t s  cannot  be covered o u t  o f  t h e  
fa rebox i f  reasonab le  l e v e l s  o f  r i d e r s h i p  a r e  t o  be ma in ta ined .  I nc remen ta l  
s p e c i a l  assessment taxes  on r e a l  e s t a t e  appear t o  be a  p romis ing  way o f  
f i n a n c i n g  a  s i g n i f i c a n t  p a r t  of t h e  c a p i t a l  c o s t s  o f  r a i l  systems. 
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F i a u r e  1 : The 159C Zone System Used f o r  P o l i c y  S i m u l a t i o n s  
w i t h  CATLAS. 
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L o c a t i o n  o f  Workplace 
T r a v e l  Modes I n s i d e  CBD O u t s i d e  CBD Mode T o t a l s  
Au to  d r i v e r  1 29,995 (29%) 1 ,I 84,372 (61 %) 1 ,314,367 (55:) 
Au to  passenger 28,251 ( 6%)  230,598 (1 2%)  258,849 (1 1 % )  
C o m u t e r  r a i l  77,908 (17%) 26,665 ( 1%)  104,573 ( 4%) 
Rapid  t r a n s i t  83,092 (18%) 38,849 ( 2%) 121 ,941 ( 5%) 
Bus 108,400 (24%) 232 , I  39 (1 2%) 340,509 (1 4 % )  
Other  26,050 ( 6 % )  231 ,373 (12%) 257,423 (1 I %) 
T b i a  1 453,696 (19%) 1 ,943,966 (81 Z )  2,397,662 
TABLE .1 : Mode Choices o f  Chicago SMSA Commuters i n  1970 
Exp lana to ry  
C h a r a c t e r i s t i c s  - Estimated C o e f f i c i e n t  
i n  U t i  1  i t y  Func t ion  CBD Model Ron-CBD Kcdel  
1. Housing supply  
2. I n c l u s i v e  va lue  
3. Comnuter r a i l  (CR) durmy 
4. Rapid t r a n s i t  (RT) dumny 
5. Bus dumny 
6. Log (T rave l  t i m e )  
7. Log (T rave l  c o s t  + r e n t )  
8. Bus m i  l es /square  m i l e  
9. RT s t a t i o n s  w i t h i n  0-0.5 m i l e s  
10. RT s t a t i o n s  w i t h i n  0.5-1 m i l e s  
11. RT s t a t i o n s  w i t h i n  1-2 m i l e s  
12. CR s t a t i o n s  w i t h i n  0-1 m i l e s  
13. Log (Housing age) 
14. Log (Zone income) 
15. Log (D is tance  t o  t h e  CBD) 
16. Log (Angle f rom Lake Mich igan)  
17. D l  (0-10 m i l e s )  
18. 02 (10-20 m i l e s )  
19. 03 ( > 25 m i l e s )  
20. Log (Rooms) 
TABLE .2 :  Est imated c o e f f i c i e n t s  and t - s t z t i s t i c s  of  t he  CBD and non-CBD 
rnu l t i nomia l  l o g i t  demand f u n c t i o n s .  
Estitrated Coefficients 
Occupancy Ffew Construction Den01 i tion Explanatory 
Characteristics ( 2 ' 9 )  ( ~ ' 9 )  ( a  I S )  
1. Annual rent 
2 .  PVRNEW 
3. PVROLD 
4. Rental dumny 
5. Build dummy 
6. Don't demolish dummy 
7. City location dummy 
8. Distance to CBD 
9. Angle 
10. Rooms 
11. Housing age 
12. log(Housing age) 
13. % Black Households 
14. 5 Developed 1 and 
15. Z Single family housing 
16. Zonal income 
Table 3: Estimated coefficients and t-statistics of the occupancy, new housing 
construction and old housing demolition submodels. 
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L Z  0 O U b  
al 
Ud ul m 
Total  value 
Tota l  va lue captured p lus  
Cap i ta l  & Rent Rent & Fare revenue captured t o  fa re  revenue 
Operat ing opera t ing  value land value Fare t o  opera t ing  c a p i t a l  cos t  t o  t o t a l  cos t  
Pol i c y  cos t  cos t  captured captured revenue cos t  r a  t 4 0  r a t i o  r a t i o  -- 
C,ElRO 104,271 280,165 70,518 71,049 20,705 . I99  . 4  04 .320 
-- 
GMRO P ro jec t  
w i t h  doubled 104,383 280,277 52,315 52,669 27,061 ,259 .299 .284 
COD park ing cos t  
- 
.b 
1 l *  
GClRO pro j c c  t 
w i t h  doubled 104,290 200,104 62,179 62,635 21,806 ,209 .356 .301 
qasol ine p r i c e  
TALE 1 :  Estimated costs and cos t  recovery r a t i o s  f o r  t l ie three p o l i c i e s  
obtained from the Dynamic Simulat ions ( A l l  values and costs i n  
thousands i n  1970 d o l l a r s .  I n t e r e s t  r a t e  used i n  d iscount ing  
annual values t o  o b t , ~ i n  value captured i s  101) 
